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Abstract 
Objective 

To maintain and restore the permeate flux in filtering raw fluid containing suspended 
matter using a membrane. 



Constitution 

In a dead end filtering system supplied with a raw fluid composed of a fluid containing 
suspended matter to filter said fluid by a separation membrane and separating same into the fluid 
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and the suspended matter, the pressure on the transmitted fluid side of the separation membran 
is made higher than that on the side of the raw fluid to periodically perform backwashing. As £ 
washing solution, a solution containing proteinase and cellulase is used to wash the separation 
membrane. 



Claims 

1. Separation membrane cleaning method, characterized by using an enzyme solution as 
cleaning solution in a filtration method which is in turn characterized in that, in a dead-end 
filtration method for separating fluid and suspended matter by filtering a suspended 
matter-containing raw fluid through a membrane, periodic backwashing is carried out with the 
separation membrane permeate side under higher pressure than the raw fluid side. 

2. The separation membrane cleaning method described in Claim 1, characterized by the 
minimum pore diameter or fractionation molecular weight of the separation membrane being 
larger than the enzyme molecular diameter or molecular weight in the cleaning solution. 

3. The separation membrane cleaning method described in Claim 1 or 2, characterized by 
the enzyme included in the cleaning solution being proteinase or cellulase or both. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention concerns a separation membrane cleaning method, and more 
specifically concerns a novel membrane cleaning method using an alkali active 
enzyme-containing cleaning solution for retention and restoration of the membrane permeate 
flux by efficient cleaning and regeneration of membrane, in a dead-end filtration with periodic 
backwashing for maintaining a high membrane permeate flux. The separation membrane 
cleaning method of the present invention can be adapted to a dead-end filtration process 
maintaining a high membrane permeate flux by periodic backwashing of membranes used in 
separation and purification of byproducts produced in the food and pharmaceutical industries. 
Until now, precision filtration membranes and ultrafiltration membranes have been used in 
alcoholic beverage production processes, e.g., removal of yeast, protein components and 
polysaccharides in the food industry; aseptic filtration of fluids and injectables in the 
pharmaceutical industry; removal of microparticles in ultra-pure water in the semiconductor 
production industry; removal of cladding [material] in condensate in nuclear and thermal power 
generation plants, etc. However, recently, with the rapid progress in biotechnology, the 
application range of precision filtration membranes and ultrafiltration membranes has been 
extended to separation of microorganisms from high density cultures of animal and plant cells, of 
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exoenzymes, of physiologically active polysaccharides from microorganisms, etc., separation 
and purification of solutions with a relatively high membrane load such as separation of 
endoenzymes from microorganism pulverizates. The increased membrane load increases 
resistance by membrane clogging, resulting in rapid decay of membrane permeate flux. Thus, it 
is necessary to carry out periodic backwashing for retention and restoration of the membrane 
permeate flux. The separation membrane cleaning method of the present invention can be 
adapted to such dead-end filtration processes involving periodic backwashing. 

[0002] 
Prior art 

Cleaning methods for removing membrane contaminants can be divided largely into 
physical processes and chemical processes. Physical processes include use of hot water, 
pulsation, gas-water mixture washing, bead washing, etc. Such processes involve complex 
apparatus and operations, and often cleaning is not sufficient. Especially, in the case of precision 
filtration membranes, due to the lack of a surface skin layer, with accumulation of membrane 
contaminant not only on the membrane surface but also in membrane interior, cleaning is poor. 
Thus, in general, chemical cleaning using various detergents is carried out. For cleaning agents, 
surfactants, acids, alkalis, oxidizing and reducing agents, chelating agents, etc. can be used. They 
may be used singly or as mixtures thereof. However, in acid and alkali cleaning, unless cleaning 
is done at a very low pH with acids or at a very high pH with alkalis, the membrane permeate 
flux cannot be restored sufficiently, which may lead to degradation of membranes and limit 
selection of membranes. The membrane degradation and membrane selection limitation are also 
encountered with oxidizing and reducing agents. Such trends are especially significant in 
dead-end filtration processes with periodic backwashing used in separation and purification of 
solutions with relatively high membrane loading, such as separation of high-density cultures of 
animal and plant cells, exoenzymes and physiologically active polysaccharides from 
microorganisms, separation of endoenzymes from microorganism pulverizates, etc. 

[0003] 

Problems to be solved by the invention 

An objective of the present invention is to provide a mild separation membrane cleaning 
method, especially a membrane cleaning method in the filtration of suspended matter from raw 
fluids using a precision filtration membrane with a high membrane load, without damaging the 
membrane to be cleaned and with no limitation in membrane selection, in a filtration process 
with sufficient membrane performance retention and restoration by efficient removal of 
membrane contaminants by high-frequency periodic backwashing. 
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[0004] 

Means to solve the problems 

The present invention concerns a separation membrane cleaning method, characterized 
by using an enzyme solution as a cleaning solution in a filtration method which is in turn 
characterized in that, in a dead-end filtration method for separating fluid and suspended matter 
by filtering a suspended matter-containing raw fluid through a membrane, periodic backwashing 
is carried out with the separation membrane permeate side under higher pressure than the raw 
fluid side. In beer filtration in the food industry and in separation of useful materials from 
high-density cultures of animal and plant cells and microorganisms, high-precision filtration 
membranes and ultrafiltration membranes have been used for separation of the cells and 
microorganisms from cultures. Cells and microorganism constitution components and culture 
components have large contents of proteins and polysaccharides, and they become the main 
constituents of contaminants adsorbed to the membranes. Rapid decomposition and desorption of 
such contaminants are necessary for retention and restoration of membrane performance. The 
proteins and polysaccharides that are major constitution components of membrane contaminants 
are decomposed by enzymes under mild conditions. 

.< 

[0005] 

. Enzymes used in the cleaning solutions may be enzymes used in food and detergents, and 
protein decomposing enzymes may be proteinase, protease cultivated by bacillus 
microorganisms and cellulose decomposing enzymes may be cellulase cultivated by Humicola 
insolens, trichobacteria-originated p-glucanase, etc. These are adjusted to an optimum pH to 
obtain cleaning solutions used for periodic cleaning of the permeation solution side. Such 
enzymes may be used alone for achieving the objectives of the present invention, or they may be 
used together with surfactants. The surfactants may be nonionic or anionic, and nonionic 
surfactants are preferred. Nonionic surfactants have no adverse effects on enzyme activity. 
Cationic surfactants are not preferred because of their adverse effect on enzyme activity. 
Preferred surfactants include, e.g., polyoxyethylene alkyl ethers, polyoxyethylene alkylaryl 
ethers, polyoxyethylene alkylaryl ethers [sic], polyethylene glycol fatty acid ethers, 
polyoxyethylene fatty acid amide ethers, polyol fatty acid esters, sodium alkylbenzenesulfonate, 
higher alcohol sulfate ester sodium salt, sodium alkyl sulfate, sodium alkylsulfonate, sodium 
alkyl sulfosuccinate, sodium alkylnaphthalenesulfonate, sulfonated heterocyclic compounds, 
fatty acid-amino acid condensates, etc. Such surfactants are added at a concentration of 
0.001-0.5%, preferably 0.2-0.4%. The cleaning method of the present invention can be adapted 
to precision filtration membranes having penetration pores diameter allowing penetration of the 
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enzyme molecules into the membrane interior or ultrafiltration membranes with a fractionation 
molecular weight 2-5 times larger than the enzyme molecular weight. There are no specific 
restrictions in membrane module form, and they may be a flat film laminate type, hollow fiber 
type, tubular type, or spiral type. The membranes may be cellulose acetate, polyacrylonitrile, 
polyvinyl chloride, polysulfones, polyamides, polyethylene, polypropylene, etc. 

[0006] 

Application examples 

Next, the present invention is explained in further detail with application examples. 
However, the present invention is not limited to such application examples. 

Application Example 1 

Using a suspension of Escherichia coli (EFO3301) at a content of 1 dry g/L in 0.9 wt% 
saline solution and a precision filtration membrane of nominal pore diameter 0.2 |Lim, dead-end 
filtration was carried out with periodic backwashing. The filter used had an effective membrane 
area 100 cm 2 with a pressure difference 0.5 x 10 4 Pa, fluid temperature 25°C, filtration time 
120 sec, backwashing flux 1 x 10" 3 m 3 /m 2 /sec and backwashing time 3 sec. The backwashing 
solution was B. subtilis-originated alkali proteinase at 2000 PUN/mL in 0.1M sodium carbonate. 
With a cleaning solution of 0.1M sodium carbonate alone or sterilized water, the permeate flux 
did not recover with backwashing and decreased gradually. On the other hand, the permeate flux 
maintained a high value in dead-end filtration with periodic backwashing with the 
enzyme-containing cleaning solution of the present invention. 

[0007] 

Application Example 2 

Tannic acid was dissolved at 20 ppm in a commercially available beer for coagulation of 
protein to obtain a suspension which was subjected to dead-end filtration with the periodic 
backwashing of the present invention using a precision filtration membrane of nominal pore 
diameter 2.0 \im. The filter used had an effective membrane area of 100 cm 2 with a pressure 
difference 0.5 x 10 4 Pa, fluid temperature 25°C, filtration time 60 sec, backwashing flux 
1 x 10~ 3 m 3 /m 2 /sec and backwashing time 4 sec. The backwashing solution was B. 
subtilis-originated neutral proteinase at 2000 PUN/mL in 0.1 M sodium carbonate and 
bacillus-originated endo-l,4-{5-glucanase at 2000 CUN/mL in 0.1M phosphate buffer solution. 
With a cleaning solution of 0.1 M phosphate buffer solution alone or sterilized water, the 
permeate flux did not recover with backwashing and decreased gradually. On the other hand, the 
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permeate flux maintained a high value in dead-end filtration with periodic backwashing with the 
enzyme-containing cleaning solution of the present invention. 

[0008] 

Effect of the invention 

According to the present invention, a high membrane permeate flux can be maintained 
and restored in dead-end filtration with periodic backwashing, thus separation, recovery, 
purification, concentration, etc. of suspended components can be performed efficiently and 
economically with various solutions containing suspended matter. Continuous processing and 
apparatus downsizing become possible. 
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